YKPATHCBKMI AHTAPKTUYHUM JKYPHAJI
YAJK, Nel4, 124—137 (2015)

TEOKOCMIYHI
OOCIKEHHS

YAK 551.510.535+537.86/.87

HNCCIEANOBAHUS B AHTAPKTUKE YACTOTHO-BPEMEHHbBIX XAPAKTEPUCTHUK
BY CUT'HAJIOB HA CBEPXJTAJIBHUX PAJINOJIMHUSAX

A. B. 3anusoscknii, A. B. Kostockos, FO. M. SIMmoJibckuii

Paouoacmponomuueckuit uncmumym HAH Ykpaunwt. 4, yn. Yepsononpanopuna, Xapvrkos, 61002,
zaliz@rian.kharkov.ua

Pedepat. B pabore uccienytorcs (pOHOBbIE CE30HHO-CyTOUYHBIE Bapualuy xapaktepuctuk BY curHanoB Ha cBepx-
JAJIbHUX PaJMOJIMHUSX B YACTOTHOH M BpeMeHHo oOnacTax. CUrHajbl, U3ly4aBluMecs paJjloCTaHLUSMU CITysKObI
ToyHoro Bpemenun PBM (uactotbl 4996, 9996 u 14996 kl'u) u CHU (uactotsl 3330 u 7850 kI'u), npuHuManuch, Ha
VYkpauHckoii anTapktrueckoii cranuuu (YAC) « Akagemuk BepHaackuii» B mae 2010 —anpene 2011 rogos. [TpuBoast-
CSl M aHAJM3UPYIOTCS CpelHEMECYHbIE CyTOYHbIE CIIEKTPOrpaMMbl CUTHAIOB. MIMMyJibCHAs ceNeKLnst CUIHAIOB CTaH-
uuu PBM no3Bosuia BbIACIUTb TPU PA3IMUHbIX MYTH UX pacnpoCTpaHeHus: Mo NpsiMoii n oOpaTHol Tpaccam, Jiexka-
UM Ha Jayre OONBIIOTO KPyra, a Takxke Mo TPASKTOPHUSIM, He MPUHAJIeKAITUM OOJIBIIOMY KPYTY, KOTOpbie (hopMupy-
I0TCsI yTeM paccesiHisl Ha HOHOC(HEPHBIX HEOAHOPOJHOCTSIX CeBEPHOro nonsipHoro osana. Curnansl cranunn CHU
pacnpoctpansitoTcst Ha YAC mo npsmoii Tpacce, a Takxke MOCPEACTBOM paccesiHUsl Ha HEOJHOPOAHOCTSX MOJSIPHOro
oBaJja. [loka3aHo, KakMMU MyTSAMU PaCIPOCTPAHSOTCS pa3IMUYHbIE COCTABISAIOLLME B CIIEKTPaxX CUrHanoB. OnucaHHble
B paboTe pe3ynbTaThl aHaIM3a PacIPOCTPAHEHNUS PAANOCUTHAIOB MOTYT OBITh NCTIOJIBb30BAaHbI B LEMSIX ANATHOCTUKH
HOHOC(EPHBIX HEOAHOPOJHOCTEH Ha CBEPXIAbHUX PaHOINHUSX.

JocnizkeHHs1 B AHTAPKTHII YaCTOTHO-4AaCOBHX XapakTepucTuk BU curnasiiB Ha HAJI0Brux pagiostiHisix.
A. B. 3anizoscekuii, O. B. Konockos, 10. M. SImnobcekuii

Pedepatr. YV poGoti nocnimkyrotbes GpoHOBI ce30HHO-1000BI Bapiauii xapakrepuctik BY curHajiiB Ha HaaqOBrUX
pazioniHisX B YacTOTHii Ta yacoBiii o6nactsx. CHrHaNM, 10 BUNPOMIHIOBAJINCH PafioCTaHLIsSIMU CITY)KOW TOYHOTO
yacy PBM (wactoru 4996, 9996 it 14996 xI'r) i CHU (wactorn 3330 it 7850 k[ '1), mpuiimanucs Ha YkpalHCbKii aHTap-
kruaniit cranuii (YAC) «Akanemik Bepaancekuiiy y tpati 2010 — kBiTHi 2011 pokiB. [IpuBoasaThes if aHaNi3yIOTHCS
cepelHbOMICsIYHI 10OOBI CIEKTpOrpaMu cUrHaiiB. IMmyibcHa cenekuis curHaniB ctanuii PBM nana 3mory BuainuTu
TPH Pi3HI LUIAXH TXHBOTO MOLIMPEHHS: 110 NPAMill i 3BOPOTHIl Tpacax, 110 JekaTb Ha Jly3i BEIMKOro Koja, a TAKoX Mo
TPAEKTOPIsIX, 110 HE HANIEXKATh BEJIMKOMY KOITY, SIKi ()OPMYIOThCS LIJISIXOM PO3CilOBaHHS Ha i0HOC(EPHUX HEOAHOPIHO-
CTSIX MiBHiUHOTO noJsipHoro opainy. Curnanu cranuii CHU nowmnprototses Ha YAC mo npsimiii Tpaci, a Takox 3a 10mo-
MOTOIO PO3CiFOBAaHHS Ha HEOAHOPIAHOCTAX MONAPHUX OBaiB. [TokazaHo, IKUMH LIISIXaMU MOIIMPIOIOTECS Pi3Hi CKila-
JIOBi B criekTpax curHaniB. Onucani B poOOTi pe3ysibraTi aHalli3y NOIIMPEHHs! paJioCUrHaliB MOXYTh OyTH BUKOPH-
CTaHi 3 METOIO J1iarHOCTUKHU 10HOC(HEPHUX HEOJHOPIAHOCTE! Ha HAIOBIUX palioiHisIX.

Studying in Antarctica the time-frequency characteristics of HF signals at the long radio paths.
A.V. Zalizovski, A.V. Koloskov and Y.M. Yampolski

Abstract. The background seasonal and diurnal variations of characteristics of HF radio signals in frequency and time
domains propagated at the long radio paths are studied. The signals transmitted by RWM (frequencies 4996, 9996, and
14996 kHz) and CHU (frequencies 3330, and 7850 kHz) time service radio stations were received at the Ukrainian
Antarctic Station (UAS) Akademik Vernadsky in May 2010 — April 2011. Average monthly spectrograms of the signals
are presented and analyzed. Pulse selection of the RWM signals allowed detecting the three different pathways: the
direct and reverse paths, lying on the great circle, and trajectories not belonging to great circle that arisen by scattering
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on the ionospheric irregularities of aurora oval. Signals of CHU station propagate to the UAS by direct path and by
scattering on ionospheric inhomogeneities of the polar oval. The propagation paths of different components in the sig-
nal spectra have been studied. The results of the analyses of the signal propagation described in the paper can be used
for diagnostics of ionospheric irregularities at the long radio paths.

Key words: long radio paths, ionospheric irregularities.

1. BBegenne

PannoBomnnb! BeicokouactotHOro (BY) nmuanasona, orpaxaschk 0T noHocdepbl, CioCOOHBI C MaTBIMU
TOTEPSIMA PACTIPOCTPAHSTHCS Ha OOJBIINE pacCTOSHUSA. DTa 0COOCHHOCTH KopoTKuX BoiH (KB) ncnomns3y-
eTcs B eNsIX m1obaimpHON paguocss3u. [Ipn cBepxaansaem pactpoctpaneHnn BY curnamnst sddextrBHO
B3aUMOJICHCTBYIOT C HOHOC(EPHOI II1a3MOiA, ¥ TIOATOMY MOTYT MCIIOJIb30BAThCS [t MOHUTOPUHIA OKOJIO-
3eMHOT'0 KOCMHUECKOTO IpocTpaHcTBa. K Tpa unnoHHBIM METOJjaM ANarHOCTHKHA HOHOC(EPHI, B KOTOPBIX
ucnoip3yioress KB, MoxHO oTHectnm BeprukambHOe (Reinish, 1986) w HaxioHHOE 30HIMpPOBAHUE.
WudopmamoHHBIMU apaMeTpaMy TAKUX CUCTEM SIBJISIOTCS YaCTOTHBIE 3aBUCUMOCTH IPYTIIIOBOTO BpeMe-
HY 3aI1a3/{bIBaHMs] CHI'HAJIOB, OTPAKEHHBIX OT HOHOC(EpHl. DTH METOBI TPeOyIOT CO3AaHMsI CIEeINATIBHBIX
TepelaTINKOB, U3ITyUarOINX UMITYJIECHBIC MJIM YacTOTHO-MOIYJIMPOBaHHBIE TOCsetoBaTebHocTH (Barry
and Fenwick, 1965).

B Paguoacrponomuueckom unctutyte HAH Yikpaunbsl Ha NpOTSiKEHUH HECKOJBKUX JIECATUIICTUH
Pa3BUBAIOTCSI OPUTUHAJIBHBIE METOBI TUCTAHIIMOHHOTO 30HIUPOBaHMSI OKOJIO3EMHOTO KOCMHUYECKOTO MPo-
CTPAHCTBA, B KOTOPBIX HE IPUMEHSIOTCS CIICIIUAIbHBIE IEPEIAIOIIIE CUCTEMBI, & UCTIOIB3YETCs yIKe CyIIle-
CTBYIOIIIEE JIEKTPOMATHUTHOE 3Ty YEHHE €CTECTBEHHOIO U HCKY CCTBEHHOI'O IPOUCXO0xkAeH!Us (JINTBHHEHKO
u Smnonsckuii, 2005). B paMkax Takoro moaxona co3gaHbl OPUTHHAIBHBIE METOABI YaCTOTHO-YTJIOBOTO
(Galushko, 1997) u npuxkayctudeckoro 3ouauposanust (Galushko and Yampolski, 1996), a Taxxe obucraru-
YecKol JIOKallM¥ MCKyCCTBEeHHOW MoHOc(hepHol TypOysientHoctn (Yampolski et al, 1996) u nomspHbIx
HeogHoponHocteit (beprrapar u mp., 2015). O6ocHOBaHA W anpoOUpOBaHA BO3MOXKHOCTH MHOTOIIO3H-
IIMOHHOW JOIUIEPOCKOMNH KpyITHOMACIITaOHBIX HOHOC(hepHBIX Bo3MymeHmi (Kamees u ap., 2009 a). [lns
peay3anuy 3TUX METOJ0B BechbMa d((EKTUBHBIM OKa3aJoCh UCIIOIB30BAaHWE CUTHAJIOB PaHOCTaHINN
TOYHOTO BpeMeHU u 4acToThl PBM, pacnonoxennoii B Mockosckoit o6mactu, P® (Kamees u ap., 2013).
[IpenMy1mecTBamMu 3TOH CTAHIMM JUTS 3319 PaJANOANArHOCTHKHY TIepe]l MHOTOYHCICHHBIMY INPOKOBEIIIa-
TenbHBIMU NepenaTunkamMu BY nuanazona sBistoTes: AeTEpMUHM3M CHEKTpa, CTaOUIbHOCTh U BPeMEHHAs
CHHXPOHM3AIMS CUTHAJIOB, U3JTyd4aeMbIX OJJHOBPEMEHHO Ha TpeX YacTOoTaX, a TakKe HENpephIBHOCTH pa-
60THI (24 waca B cyTKH). MomHOCTh nepenarankoB PBM mocrtarouna amst Toro, 4ToObI IPUHAMATE CHT-
HaJIbl IPAKTUYECKH B JIFOOOH TOUKE 3eMHOTO IIapa, BKIOUas AHTaApKTHIY.

OCHOBHO LIEJIBIO HACTOSINEH CTaThu ABJISIETCS pa3paboTKa U peaau3aliist AMCTAHIIMOHHOTO METO/Ia
PaJIMoIMarHOCTUKH IT00AIBHBIX HOHOC(EPHBIX HEOTHOPOJHOCTEH ¢ nctonb3oanreM BY curnanos cran-
WY TOYHOTO BpEMEHH Ha CBepXIalbHUX paaunonuuusx (amuaHoi 6onee 10 000 km) (I'ypeBuu u lleaununa,
1979). Ha takux pagmorpaccax I0jie B IMPHEMHOM ITyHKTE (pOpPMHUpPYETCsl OOJBIIMM YHCIOM MIPOCTPaH-
CTBEHHBIX MOJI, B3aMMOJECUCTBYIOIIMX C MPOTSDKCHHBIMH oOyacTsiMu HOHOC(epsl. CHeKkTpaibHO-
BpPEMEHHbIE 0COOCHHOCTH TOBEJICHHUS CUTHAJIOB [TO3BOJIIIOT UCCIIEI0OBATh ANHAMUKY KPYITHOMACIITaOHBIX
TUTa3MEHHBIX HEOJHOPOAHOCTEH, CTHMYJIMPOBAHHBIX CONHEYHBIM TEPMHUHATOPOM (3aJIM30BCKHHA M JIp.,
2007), comneunbiMu 3armenusivu (Kammees n ap., 2009 6), aBpopaibHBIME BO3MYIIEHHS (3aIM30BCKAI
u 1ap., 2013), wenuneiinsie 3¢ dexrsl B mwiazme (Yampolski et al., 1997) u ap.

OueBHTHO, YTO JJIs1 BOCCTAHOBJIEHUSI XapaKTEPUCTHK HOHOC(EpHOH M1a3Mbl HEOOXOIUMO PEIINTh
3ajiavy CeJIEKIUH ITyTeH pacipoCcTpaHeHUs! PaJMOCUTHAIIOB, a TAK)Ke U3YYHTh ()OHOBBIE YCIIOBHS PAcIIpo-
CTpaHEHHs B/IOJb KaX/JI0i TpaekTopun. Panee 3a/1a4a IpOCTPaHCTBEHHON CENEKIMN HA CBEPXIATBHUX pa-
JIVOJIMHAUSIX PEelIajach ¢ IIOMOIIBIO OCTpOHANpaBieHHbIX anTeHH (beneii n ap., 1987). CpaBHuTensHO He-
JTaBHO OBLIO MOKA3aHO, UYTO B PsAJe CIydyaeB CHEKTPAIbHBIA aHAIN3 TO3BOJISET Pa3/esiTh COCTABIISIONINE
CHUTHAJIA, PHUIIEIIIe, HallpuMep, TI0 IpsMOii 1 0OpatHoi Tpaccam (3amu3oBckuii u np., 2007). B pamkax
HacTosei paboThI B IIEJSIX CENEeKINHT My Tel pacipoCTpaHeHNs PaJOBOJIH IPOBOIUTCS COBMECTHBIH aHa-
JIN3 CTIEKTPAJIBHBIX XapaKTePUCTUK CUTHAIOB 1 BapHaIllii BpeMEHH UX PaclpoCTpaHEHHS.

Becp okcriepruMeHTaNbHBI MaTeprai ObUl HAKOIUICH Ha YKPaWHCKOW aHTapKTHYECKON CTaHIUH
(YAC) «Axanemuk Bepranckuity (koopmuaatsl 65°15° FOIIL 64°16° 311). B kadecTBe «IIpoOHBIX» Tepe-
JIATYNKOB HCIIOJIB30BAIUCH [BE PAJUOCTAHIMM TOYHOTO BpeMEHHM U 4acToTel — PBM (koopnuHaThb
55°43° CII1, 38°12° B) u CHU (OtraBa, Kanana, 45°18° CIII, 75°45° 3[1). Panee B paboTe 3aIn30BCKOTO
u 1p. (2007) ObuM IpUBEJICHBI TIEPBBIE PE3YIIBTATHI CEJICKIUH ITyTei pacpoCcTpaHEeHUs CUTHAJIOB Ha Tpac-
ce PBM-VYAC, nosy4yeHHBIE 110 TaHHBIM HECKOJIBKUX CYTOK M3MepeHnd. B HacTosmel ctarbe paccMarpu-
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BalOTCSI CE30HHO-CYTOUHBIE BapHaIlMK XapaKTEPUCTHK CHI'HAJIOB B TEUEHHE TOI0BOTO IEeproja Habroe-
HUAU. AHATM3UPYIOTCS CpeHEMECSYHbIe TOTUIEPOBCKHUE CIIEKTPOTpaMMbl CUTHAIOB Ha Tpaccax PBM-YAC
u CHU-VYAC. 3ajaua npoCTpaHCTBEHHOHM CEJEKIUH IMyTel paclnpocTpaHeHUs] CUrHajia sl paJluoIuHII
CHU-YAC pemaetcs crieKTpanbHbIM MeTosioM. [l Tpaccel PBM-YAC npocTpaHcTBeHHbIE KOMITOHEHTHI
1103151 PUITBTPYIOTCSI TAKXKE U B YaCTOTHO-BPEMEHHOU oOactu. OnpeersitoTesi HHTepBaJibl BpDEMEHH, B IIpe-
JieNiax KOTOPBIX CHUTHAJBI YCTOWYMBO PACIIPOCTPAHSIOTCS 10 MPSIMOM M 00paTHOM Tpaccam, a Takke I10
CMEIIEHHBIM TPAEKTOPHSIM, HE COBNAAAIOIINM C JlyraMu OOJBIIOTO KpyTa.

Bo BTOpoM pa3zene paOoThl OIycaHa MOCTAHOBKA 3KCIEPUMEHTA, B TPEThEM pazjielie MpeicTaB-
JICHBI PE3yJIbTaThl CIIEKTPaIbHON 00paO0TKM CUIHAJTIOB, YETBEPTHIN pa3/iell MOCBSAIIEH pe3yJibTaTaM u3Me-
peHuit BpeMeHH! pacipoCTpaHeH sl IMITYJILCHBIX cUrHalloB Ha Tpacce PBM-VYAC, B nsitoM — 00cy K narorest
BO3MOJKHbBIE MEXaHU3Mbl (JOPMUPOBAHUS AHOMAJIBHBIX TPAEKTOPUI PacIpOCTPaHEHMsI CUTHAJIOB Ha Tpac-
cax PBM-YAC u CHU-YAC.

2. IlocTaHOBKA 3KCIepUMeEHTa

IIpoOHbIe M3MepeHus ceKTpalbHBIX XapakTepucTuk BY curnamor Ha tpacce PBM-VYAC (anuna
mpsiMoit Tpacchl 15 930 kM) Oputr Hauats! B 2002 u mpomomkeHs! B 2004 romy (3amm3oBekuit u ap., 2007).
B 2006 roxy npoBoaunuck npoOHbie n3mepenus Ha paauonuausax PBM-YAC u CHU-YAC (ayivna npsimoit
Tpacchl 12 500 kM) ¢ IepHOIMYHOCTHIO OJJHU CYTKH B Mecsill. B pesynbrare 9TuX n3MepeHuit Oblin BbIsB-
JIeHBI CyII€CTBEHHbIE CyTOUHBIE U C€30HHbIC BapUallM{ yCIOBUN paclpoCTpaHEHUs, a TAK/KE sSBHAs 3aBU-
CHMOCTB CIIEKTPAIBHBIX MapaMeTpPOB CUTHAJIOB OT TeOMarHUTHO# akTuBHOCTH. [locnenuuii dakr mo3so-
JIMJI cJleNaTh BBIBOZ O TOM, 4TO, B IpuHNMNe, BY cUrHANBI HAa STHX paJHOINHASX MOTYT OBITH UCITOIB30-
BaHBbI B 3aj1a4e JMarHOCTUKH TI00aLHOTO MoBeAeHHs HOHOC(ephl. CHcTeMaTnyecKrue N3MEpEHUs ITapame-
TpoB curHanoB Ha pamuonHusSX PBM-YAC nu CHU-YAC Opumnt Hagatel B Mae 2010 . B manHo# paboTte
aHAJIM3UPYETCsl MACCUB JIaHHBIX, HAKOTIJICHHBIN 3a MepBblit rox m3meperuit ¢ mast 2010 r mo ampens 2011 1

Cxema sKcniepuMeHTa NpuBeieHa Ha puc. 1. Paguocranuus tounoro Bpemenu 1 yactotsl PBM on-
HOBPEMEHHO M3JIydaeT CUTHaJBI Ha Tpex yactotax: 4996, 9996 u 14996 xI'u. Momynsaius curaaioB u3me-
HSIETCSI B KQXKJIOM IOy 9aCOBOM IIMKJIE CJICTYIOIIMM 00pa3oM: C HyJIEBOU 110 7 MUHYTY 55 CeKyH/]| H3JIyda-
€TCsl HeTIpePhIBHBIA curHall, ¢ 10-i o 19-10 MUHYTY 55 ceKyHI — UMITYJIbCBI C YacTOTOM nmoBTopeHus 1 I,
u ¢ 20-ii mo 29-10 MUHYTY 55 CeKyHJ — UMITYJIbCHI ¢ yacToToi moBTopenus 10 I'm. Pagnoctanmus CHU B
2010 —2011 rogax nzmyyaia HelpepbIBHbIE HEMOLYIMPOBAHHBIE CUTHAJBI HAa yacToTax 3330 kI, 7850 kI'11
u 14670 x[' (Ha YAC Berncst mpueM curHaioB Ha aByX dactoTax 3330 kI'ipm 7850 kI'm).

Puc. 1. Cxema skcnepumenTa

[Tpuemusiit BU-kommieke Ha YAC Obl1 OCHAINIEH TOPU3OHTAILHOM TUTIONBHOW aHTEHHOU C pe3o-
HaHCHOHM wacTtoToi 3 MI'M, AnarpaMma HanpaBICHHOCTH KOTOPOH OPHMEHTHPOBAaHA B HAllpaBICHHH Ce-
Bep-toT. Perucrpanys CUTrHaJIOB OCYIIECTBISUIACh NUQPPOBBIM mpueMHUKOoM (upmber WinRadio G-313.
Cuctembl BHEIHEW YacCTOTHO-BPEMEHHON CHHXPOHU3AIMHU, KOMIIBIOTEPHOM PErHCTpalliy W Ipe/BapH-
TEeNbHOI 00pab0TKM JTAaHHBIX U3MepeHui Obuth pazpadoransl B PU HAHY. B kauecTBe BHEIIHETO OIIOPHO-
TO TeHepaTopa UCIOJIb30BaJI0Ch YCTPOMCTBO TOUHOTO BpeMeHH 1 9acToThl « HaBnop» CH-3833, cuaxpoHu-
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supyemoe curtatamu ' HCC. CytouHast OTHOCHTENIbHASI HECTAaOMIIBHOCTh OTIOPHON YacTOTHI HE TIPEBBIIIANa

1-107"". MiaMepeHust BapHaluiii BpDEMEHH PAcIipOCTPAHECHHUSI HMITYJIBCOB MTPOBOIMIIMCH C TOYHOCTBIO HE XYIKe
1 mc 3a cyTku. [lepectpoiika paboueii 4acTOTHI IPHEMHON CHCTEMBI OCYIIECTBIIUIACH ABTOMATHIECKH, TIPO-
TpaMMHBIMH CPEe/ICTBaMHU, B IIOJTy4acoBOM IMKJIE (Tabl. 1), KOTOpBI He MEHSICS B TEUEHHUE T0/1a U3MEPEHUH.
Ha YAC npoBomiack cieKTpaibHas 00paboTka cCUrHaIoB cTaHwy PBM, IpHHSATHIX B MHTEpBAJie ¢ HyJIeBOH
MUHYTHI 110 7 MuHyTY 30 cexyna u curnanoB ctannuu CHU, npunsTex ¢ 10-i o 20-fo munyTy. C 20-i1 mo
30-10 MUHYTY OIIEHMBAIIMCh 3HAYEHHMS OTHOAIOIIEl UMITYIILCHBIX TTOCIIe0BaTeIbHOCTeH cTany PBM.

Tabnuua 1.

IIpumep nuk/a nepecTpoiiku 4YacTOTHI HACTPOIKH NPHEMHOI CHCTEMbI

BpeMst n3MeHeHns 9acTOThI Yacrora, I'1g
00:00:00 4996000
00:02:30 9996000
00:05:00 14996000
00:09:00 7850000
00:15:00 3330000
00:19:50 4996000
00:23:20 9996000
00:26:40 14996000

3. Ce30HHO-CYTOYHBIC BADHALIMH CHEKTPAIbHBIX XapPAKTePHCTHK CUTHAJIOB

[Tpu nonocdepHoM pacnpocTpaHeHUH XapakTeprcTik BY curtaia 3aBUCST OT COCTOSHHUS U JIHHA-
MUKH TLIa3MBI BJIOJIB JTy4eBoi TpaekTopun. Jlomeposckoe cmemenue 9actoThl (JICH) curnanos £, ceasano
C M3MEHEHHEM BO BPEeMEHH JUTHHBI (ha30BOTO Iy TH CiieAyronmM oopazom (Bennett, 1968):

sz_id_P:_ijwdl, 1)

c dt c ot

e f — Hecylnasl yacToTa CUrHaJla, ¢ — CKOPOCTh cBeTa, P — JirHa (a3oBoro myTH, / — JiydeBast Koop-
JIMHATAa BJIOJIb TPACKTOPHH PAacIIpoCTpaHeHus curnana L, n(L) — kodpGuiumenHT mpeoMiIenus cpepl.

CrekTpanbHas 00paboTKa 3KCHEPUMEHTAIBHBIX JAaHHBIX MPOBOJMIACH cleayrommM obpasom. Ha
[IEPBOM JTalle pacCUUTHIBAIMCH SHEpreTudeckue crekTpbl curnanoB cranuuit PBM u CHU o BpemeHHbIM
peanu3anusaM JUTATETBHOCTEIO 4,096 ¢. Jlanee Takue «TEKYIHe» CIEKTPHI yCPeTHsINCh Ha HHTEpBAJIaX Bpe-
MeHH 2—3 MUHYTHI B KaXJI0OM TorydacoBoM Iukie (tadim. 1). [Tocme 3Toro moaydeHHBIE TakuM 0Opasom 48
YCPEIHEHHBIX CIIEKTPOB IIPE/ICTABIBIINCH B BUJIE CYTOYHBIX CIIEKTPOIPaMM, IPAMEPHI KOTopbIX [utst 20, 22 n
24 centa6ps 2010 roma moxas3aHsl Ha pHc. 2 (37€Ch U Janee UCTONb3yeTcs IIKala BCEMUPHOTO BPEMEHHU —
UT). Obparmaer Ha ceOst BHUIMaHUE CYIIECTBEHHAs H3MEHIMBOCTh CHEKTPATBHBIX XapaKTEPUCTHK OT CYTOK
K CyTKaM, BbI3BaHHAsI H3MEHUMBOCTHIO HOHOC(EPHBIX YCIIOBUIT B0 TPACC paclipOCTPAHEHUSL.

Ha criemyromem atare paccuuThIBaNINCh CpeTHEMECSUHBIE CIIEKTporpaMMsl (Tadm. 2). B mpenenax me-
csila TIPOW3BOIMIIOCH YCPEIHEHNE JHEPTeTHUECKUX CIEKTPOB ISl COOTBETCTBYIOIIEIO BPEMEHH CYTOK.
[omyyenHble ycpeaHEHHbIE CHEKTPBI MIPE/ICTABISUIICE B BUIE CPETHEMECSIHBIX CYyTOUHBIX CIIEKTPOTPaMM.
[TonHbIf MaccHB JIaHHBIX, UCTIOIB30BABIIKMXCSI B CIIEKTPaJIbHON 00padoTKe, cocTaBmil 268 nHei. 3aMmeTnm
TaK’Ke TO, UTO JJIS Pa3HBIX MECSIIEB YNCIIO JHEH yCpeaHEeHNsI ObITO He OANHAKOBBIM. KpaTkoBpeMeHHbIE Tpo-
IIyCKH B PEryJISIPHBIX PETUCTpPANUsIX CUTHAJIOB CTAHIMH TOYHOTO BPEMEHH U YaCTOThI OBbUIH BBI3BAaHbI HEOO-
XOZMMOCTBIO UCTIOB30BaHNUs NpreMHoro BU koMIuiekca B IpyTruX crielaIbHbIX H3MEPHTEIbHBIX KaMITaHH-
sx. I IpuBeieHbI ycpeTHEHHBIE MECSTHBIE CIIEKTPOT PaMMBbI CUTHAJIOB, HaunHast ¢ Mast 2010 roga u 3akaHuMBas
anpesieM 2011 roga (Tadu. 2). MokHO BUJIETh, UTO BO BCEX CHUTHAJIAX OTMEUAIOTCS CYIECTBEHHBIE CYTOYHbIE
1 CE30HHBIC BapHaIlii HHTEHCUBHOCTH U YaCTOT CIIEKTPAIILHBIX MAaKCUMYMOB. CJIe/yeT OTMETUTD, YTO CIIEK-
TpasbHasi 00pabOTKa MO3BOJISIET PA3AEIUTh ITyTH PACTIPOCTPAHEHHSI CUTHAJIOB JIAIIb THIIOTETHIECKH.
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4. VI3mepeHus Bapuanyii BpeMeH! pacIpocTpaHeHNs CUTHa/IoB Ha Tpacce PBM-YAC

st mocToBepHON CeNEeKIUU paguoTpacc OBITH MPOBEIEHBI M3MEPEHUS TPYIIOBOTO BPEeMEHHU
pactpoctpanenus curaaioB. B 2010-2011 romax ma YAC «Axanemuk BepHaackuit» n3mMepsianuch Ba-
pUaIuyu BpeMEHU paclpocTpaHeHUs: CUTHaIOB ctaHnu PBM. M3mepenus npoBoauiucey B mociaeHue
10 MUHYT Ka)XJIOTO ToTydaca, Korja Ha Bcex padouyux dacTorax cranius PBM m3nydaer mMIyabChI
JUIATENbHOCTHIO 20 Mc 1 yacToToi moBToperns 10 ['m, mpu 3ToM KaXabli ceKyHIHBIH UMITyIbC HMEET
mmtenbHocTh 40 Mc. Takne mapameTpsl curaana yo0HBI /Ui BPEMEHHOM CeJeKIUH ITyTel pacipo-
ctpaneHms. Kpargaifimee pacctossHue BAOb Iyru Oomnbimoro kpyra mexay PBM u YAC (mpsimast pa-
nuoTpacca) coctabisger 15930 kM, qimHA 0OpaTHOW AYyTW OOJBINOTO Kpyra paBHA MPUOIH3UTEITHHO
24100 xM. Takum oOpazom, pa3HOCTH JUIMH MPsMOU U odpatHoit Tpacc — 8170 kM. Ecim nmpeneOpedn
JVCTIEpCUEH W CUMTaTh, YTO CHTHAII PACIIPOCTPAHSIETCS CO CKOPOCTBIO CBETA, TO PA3HOCTB 3aJEPIKEK
MEXTy IpsIMoii 1 0OpaTHOH paguoTpaccaMu cocTaBiseT 27,2 Mc. DTO O3BOJISIET Pa3/IesInTh 00e Tpaek-
TOPHUH BO BPEMEHHOH 00JIacTH ISl TapaMeTPOB UMITYJIHCHOIT ITOCIIEI0BATEIFHOCTH, H3JIydaeMol nepe-
nmataukoM PBM. UmmynbecHBIe curHaimbl Ha 9acTtote 4996 kI'11 oOpabarhiBainch B HHTEPBAJIC BPEeMCHH
¢ 21 mo 23 MuHYTBI Ka)J0ro mnoiydaca, Ha yacrore 9996 kI'ny — ¢ 24 no 26 MUHYTHI, U Ha 4acTOTe
14996 xI'i — ¢ 27 mo 29 munyTHI (Tabda. 1). Ha mepBom 3tame 00pabOTKH BELIEISIACH OTHOAOIIIAsl CHT-
HaJa, 3aTeM IIPOU3BOAMIOCH YCPEIHEHNE CEKYHTHBIX OrMOaroInX Ha KaXX/I0M 2-MUHY THHOM HHTepBa-
JIe YyCpEeTHEHUH.

[Tpumep pe3ysbTaToB UMITYJIECHOH 00paOOTKY TaHHBIX, a TAKXKE WX MCIIOIB30BAHMS B 33/1aU¢ CelleK-
LUH Ty Tel pacrpocTpaHeHusl IpUBe/ieH Ha puc. 3. Ha BepxHell maHeny mokazaHa CleKTporpaMMa CUrHaja
cranuuu PBM na wacrore 9996 xI'ni, mpunstoro Ha YAC 10.11.2010 B 00:00—-10:30 (puc. 3, a). XKupasmmu
CTpeJIKaMH TI0J] CHIEKTPOrpaMMOi TTOKa3aHbl MOMEHTHI BPEMEHH, Uil KOTOPBIX HUYKE IPHUBE/ICHBI yCpe-
HEHHbIE OrrlaroIye NPUHATOro UMITyIbCcHOTo curHana. Kak Bunno (puc. 3, 6), B 4:54 0mHOBpeMEHHO NpH-
HUMAJIOCh JIBA UMITYJIbCa: OOJIBIINH IO aMILTUTYIe IPUXO/IUIT paHbIlle, MEHbINNH — 3ana3asiBait. OTcTaBaHue
COCTAaBJISUIO BEJIMYMHY MOpsiika 27 MC, 3TO COOTBETCTBYET IIPOCTPAHCTBEHHON Pa3HOCTH I'PYIIOBbIX Ty TeH
npsmMoro u odparaoro curHayioB 8100 KM ¥ MPaKTUYECKH COBMANAET C OICHKOH, MPHUBEIECHHON BBIIIE.
CienoBarenbHO, IEPBBIi, OONBIINIT 110 YPOBHIO UMITYIIBC, TPUXOAMII IO IPSIMOIT Tpacce, a MEHBIIHHA — 110
oOpatHoit Tpacce. B 5:24 Mexty npsiMbIM U 00paTHBIM UMITYJIECAMHU «BKJIMHUBAETCSY €IIIe OJIMH, TPETHi,
B pe3ysIbTaTe uero MpoWCXOAUIO HAJOKEHHE CUTHANIOB (puc. 3, B). B 5:54 nipsiMoit uMIynibe yke He BhIJe-
JseTCs B IIyMaxX, PerUCTPUPYIOTCS JIUINb ABa APYTHX. [Ipudem, kak BUIHO (pHC. 3, T), mepenuuii GpoHT
MIEPBOTO MMITYJIbCA IPUXOAUT IIPEMEPHO Ha 15 Mc paHblIe nepeJHero (ppoHTa BTOPOTO MMITYJIbCa, NPHU-
IeAIero Mo oOpaTHOMY MyTH, W Ha 12 MC Mo3Ke HMITyJIbca, paHee PaclpOCTPaHSIBIIETOCS O MPSMOit
Tpacce (puc. 3, 6 u 3, B). OTcTaBaHme ATOTO UMITYJIhCa OT IPSIMOTO, HO OTIEPEKeHNE 0OPATHOTO, TOBOPHUT O
TOM, YTO OH IIPUXOAUT HE HO Jyre OOJIBIIOro Kpyra. JIOMONMHUTENbHBIH, 10 CPABHEHUIO C IPSIMBIM CUT'HA-
JIOM, TPYIIIOBOH Iy Th NPOTSHKEHHOCTHIO TprMepHO 3600 KM 1O3BOJISIET MTPEAIIOI0KHUTE, YTO TAKOH «aHO-
MaJIBHBII» CHUTHAJI PAacHpOCTpaHsuics, pedparupyst B BLICOKHX IIMPOTAX HA IPAJUEHTAX DIIEKTPOHHOMH
motHocTH (beneit u ap., 1987) u paccenBasich Ha HOHOCPEPHBIX HEOTHOPOAHOCTAX B 00IACTH MOJIIPHOTO
oBana. B maHHOM ciydae SKBaTOpHaJbHAS I'paHMIA OBaJNa yJaJeHa OT MEepearollero MmyHKTa npruOnn3u-
tenpHO Ha 1800 kM. B 7:24 (puc. 3, 1) B orubaroieil cUTHaIa BBIICISETCS TOJIBKO OUH UMITYIIBC, pacIpo-
cTpaHstomuiics ooparHbM myTeM. [lo Takoil ke MeTonuke obpabarsiBach curaansl PBM Ha gactorax
4996 u 14996 xI'm. Takum oOpa3oM, aHATHM3 AHHBIX B PEKIME UMITYIHCHOTO H3IYUYCHHS TepeIaromei
CTAHIMY TTO3BOJIAJI BBIJIETIUT TPH PA3IMYHBIX ITyTH PacIpOCTPAHEHHUS CUTHAA.

JlanpHelimas o6paboTKa COCTOsIIA B OIIEHKE CyTOUHBIX U CE30HHBIX BapHaluii BpeMeHH paclpocTpa-
HeHus curHaiioB. Ha HauambHOM 3Tare u3Mepsuich BpeMEHHbIE 3a/IepKKH UMITYJIbCOB OTHOCHTEIIBHO Iep-
BOM, NPUHATOM B TEUEHHE CYTOK, HMITYJIbCHOW MocjenoBaTelbHOCTU. KOHKpeTHbIM NeHb H3MepeHHuH
UCTIONB30BAJICS B JaJIbHEHIIEeH 00paboTKe TOJIIBKO B TOM CiIydae, €cid IepBasi UIMITYJILCHAS ITOCIIe0BaTeb-
HOCTB ObLIa 3apeructpupoBana Ha YAC He mo3mnee 3:00. Takoii BEIOOp nenaics B MPEAOI0KESHHH O TOM,
uyTo ¢ 0 10 3 4acoB CUTHAJBI PACIPOCTPAHSUIACH 110 IPSMOI HEOCBEIIEHHOM Tpacce, B0Ib KOTOPOIl HOHO-
cepHBbIe yCIIOBHS CTAOMIIBHBIE U XapaKTEPUCTHKH PacPOCTPAHEHN)S CUTHAJIOB MEHSIFOTCsI cllabo. V3meHenune
BPEMCHU PpACIIPOCTPAHCHUA CUTI'HAJIOB, 3apCTrUCTPUPOBAHHLIX B MOCJICAYIOIIUEC I10JIy4aCOBbIC MHTCPBAJIbI,
OIIPeJIeIISUIOCH 110 CJIBUTY MaKCUMyMa B3aUMHOU KOPPEJSIIMOHHON (YHKIIMH MEXIy yCpeIHEHHBIMH OTH-
OaroNMMU TIOCIIeI0BATEIHPHOCTEN UMITYILCOB, IPUHSATHIX B IAHHBIH MOMEHT BpEMEHH, U TIEPBOM MPUHSITON
B TeUeHHe CyTOK. Ecii B Kakoi-TO MOMEHT BPEMEHH CUI'HAJI IPUXOJUI B IPUEMHBIN ITyHKT OTHOBPEMEHHO
HECKOJIBKUMH ITy TSIMHU, TO B CWJTy BEIOPAHHOTO aJITOPUTMA H3MEPEHHH OIIPEIENISUIOCh BPEMsl IIPUXO0AA TOJIBKO
OCHOBHOM, MPEUMYIIIECTBEHHON B YHEPreTUYIECKOM CMBICIe MOJIBI curHasa. [1oiHbI pasMep MaccuBa 1aH-
HBIX, OTOOPAHHBIX 110 3TUM KPUTEPHUSIM, COCTaBIII Ha yacTtote 4996 k't — 46 cyTok, Ha yactote 9996 k' —
69 cytok. Curnan PBM Ha Briciie#t gactore 14996 xI'11 B mepBbie TpH Haca CyTOK, KaK MPaBHIIO, HE PEerH-
cTpupoBacs (cM. Tabl. 2), TO3TOMY Jlajiee B 3TOM pa3jielie OH He paccMaTpUBaeTCs.
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PaccesHHbINn

Amnnutyga, o.e.

200
Bpewms, mc

Puc. 3. a) Cnexrporpamma curnaina PBM na yacrore 09996 xI'ut B 00:00-10:30, orubatoiue uMnyJibcoB,
npuHATbIX Ha YAC B 4:54 (6), 5:24 (B), 5:54 (1) u 7:24 (n).

Ha puc. 4 mokazaHbl Ce30HHO-CYTOUHBIC BapHallil BPEMEHU pachpocTpaHeHus curianios PBM
4996 xI'mt 1 9996 kI 1. HopMupoBaHHBIE TUCTOTPpaMMBI BpeMEH 3alla3IbIBaHUs B pPa3TMIHbIE MOMEHTHI CY-
TOK JJIsI BCETO MacCUBa JJaHHBIX IIPUBCACHBI HA PUCYHKaAX 5 3_6. 3Ha‘IeHI/I$[ KaXJ10ro orcyeTa ruCTorpaMmMbl
MOKAa3aHbl B OTTEHKAX CEpOro mBeTa (CM. MIKajy crpasa). JIJist BbIACIEHHsI OCHOBHBIX MyTeW pacnpocTpa-
HEHHUs] CHTHAJIOB Ha PHC. 5. B—T B KOOPJMHATAX «IOMOIHUTEIBHBIN TPYNIIOBON Iy Th — BPEMSI CYTOK» BhbIjIe-
JIEHBI HHTEePBaJbl BPEMEHH, B ITpe/iesiaX KOTOPBIX CUTHAJI C TPYNIIOBBIM Iy TeM JaHHOW JTHHBI ObLT Hanbo-

JICC UHTCHCUBHBIM B TEHUCHUEC TPEX U Ooitee CYTOK.
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Puc. 4. Ce3oHHO-CyTOUHBIC BapUalMy BpEMEHH pacrpocTpaHeHus curuajioB Ha Tpacce PBM-YAC
OTHOCHTEJILHO BPEMEHHU pacnpOoCTpaHeHUs IEPBOro B TEUEHHE CyTOK NPUHSATOrO CUTHaa (MOKa3aHbl
B OTTEHKaX Ceporo, likaja B clipaBa OT PUCYHKOB B MUJIMCEKYHaX): a) yactoTra 4996 kl'1, 0) yactora 9996 kl'u.
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B) r)

Puc. 5. CyTouHble Bapyalluy THCTOrPaMM pacrpesielieHu s BpeMeHHU 3a1epkek (a, 0), ¥ JONOIHUTENbHbIE
(x JuTMHE PSAMOiT Tpacchl) AMMHBI TPYNIOBBIX MyTel pacnpoCTpaHeHMs CUTHAJIOB (B, T') Ha Tpacce PBM-VAC:
a), B) yactota 4996 kI, 6), r) wacrora 9996 klm.

AHanu3upys MOIy4YeHHBIEe Pe3yIbTaThl, MOXKHO OTMETHTD, UTO BO BpPEMEHHOM HMHTEpBasie 4—7 4acoB
Ha 00eMX YacToTaX BBLIEISIOTCS CUTHAJIBI, BPEMsI PAaCIIPOCTPAaHEeHMs KOTOPBIX yBelnurBaeTcs Ha 9—17 mc
T10 CPABHEHHUIO C TPSIMOI TPAcCoi, 4YTO COOTBETCTBYET JOMOJIHUTEIEHOMY I'PYIIIOBOMY IYTH B 2,5—5 ThICSY
KtoMeTpoB (puc. 4, 5). Ctonb OoIbIINe 3aIePKKH BPSUL JTH MOKHO OOBSICHUTH BapHalUsIMH HOHOC)Ep-
HBIX YCJIOBHH BIONb MPSIMOW TPAcChl, OHM MOTYT OBITh CBA3aHBI TOJNBKO C PACIPOCTPAHEHUEM CHTHAJOB
Iy TSIMH, JISKAIMMHU BJIajieKe OT JyT'W OOJbIIOro Kpyra. BeckMa BeposiTHO, STOT JIONIOJIHUTEIBHBIN 1Ty Th
(xak u B cimyyae 10.11.2010, puc. 3) mosiBIsieTCs B pe3yJibTare pacipoCTpaHeHHsI CUTHATA Iy TeM pacCesHus
Ha MOHOC(EPHBIX HEOJAHOPOAHOCTIX B OONACTH MOJSIPHOTO oBania. Takue «aHOMasibHBIe» CHTHAIbI Ha-
OJII0/IAI0TCS TOJIBKO € CEHTSIOPs 10 anpesib. Bo Beex citydasx HOsiBICHHS 3TOro d(deKTa ceBepHbIi mosp-
HBII OBaJl, PacIoJIOKEHHBIH K ceBepy ceBepo-3amnay or PBM, Haxoamics B HEOCBEIIEHHOW YacTH HOHO-
cdepsl, TorJa Kak I0XKHBIA 0BaJ, JIEXKAIINI K IOTy FOr0-BOCTOKY 0T YAC, 3a4acTylo HaXOJUJICS B THEBHOM
cextope. Kak m3BecTHO, aBpOpaIbHBIE BBICHIIAHHS YACTHI] U3 TUIA3MEHHOTO CJIOS, MIPUBOSAIINAE K POCTY
WHTEHCHBHOCTH MOHOC(EPHBIX HEOJHOPOAHOCTEH, O0Jjiee MHTEHCHBHBI B HOYHOM 4acTH OBAJIOB (CM. Ha-
npuUMep, pe3yibTarThl U3MEpeHuit Ha caiite http://www.swpc.noaa.gov/pmap/pmapS.html). Kpome Toro,
Tpacca, IpOXosIIas Yepe3 CEeBepHBII MOISIPHBIN OBaJI, JICXKUT CYIIECTBEHHO 3alaHee TPAacChl, POXOs-
mas yepe3 FKHBIA OBal. DTO MPUBOIUT K TOMY, UTO B YTpEHHHE Yachl (4—7 9acoB) OCBEIEHHOCTH TPACCHI,
Jexallel 3arnajiHee, MEHbIIE, YeM TPacChl, Jiexkallei BoctouHee. [I0CKoIbKy ¢ yBeJIMUEHHEM OCBEIIEHHO-
CTH Bo3pacTaeT 3aryxanue BU curxanoB, MOJKHO 3aKJIFOUUTh, YTO B HHTepBasie 4—7 yacoB Ha YAC npuHu-
masicst curiailt PBM, paccesiHHBIN Ha HEOJHOPOAHOCTSIX UMEHHO CEBEPHOTI0 TOJIIPHOTO OBaJIa.
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B unTepBane nabmonenuii ¢ 5 no 17 gacor curaan PBM Ha wactote 9996 xI'11 pacpoctpansiics
BJIOJTb 00paTHOH paanonuHuy (puc. 4, 5), mpmdem mociie 7 9acoB oOpaTHasi Tpacca sl 9TOi 9acTOTHI CTa-
HOBHTCSI CIMHCTBEHHO BO3MOKHOM. B KoHIle cyTok, mocie 18 yaco, curnanel PBM Ha o6enx yacrorax
BHOBB PaCIIPOCTPAHSIOTCS TOJIBKO TPSIMON PaTHOTAHUCH.

5. O6CY)K,E[CHI/I€ IKCIIEPUMEHTA/IbHBIX PE3Y/IbTATOB

Jnst uneHTUUKaNUy MyTeld pacupoCTpaHeHUs! OCHOBHBIX COCTABIISIIONIMX B CHEKTPAaxX CHUTHAJIOB
IIPOBEJIEM COMOCTABJICHUE PE3YIbTATOB U3MEPEHHMSI BPEMEHHU MX paclpocTpaHeHus (puc. 4—5) co cpeane-
MeCSIUHBIMH crieKTporpamMmamu (tadmn. 2). Tak curnans! crannun PBM 4996 kI'm pacmpoctpasstorcs
MIPEUMYIINECTBEHHO BIOJb IMPSIMOWH Tpacchl B HOYHOE M CyMEpPEYHOE BpEMsI BO BCE CE30HBI TOja.
JlononHuUTENBPHAS IPOCTPAHCTBEHHAS! MOJIA, TPYIIIOBOI ITyTh KOTOPOi#l Ha 2,5—5 ThIC. KM IIPEBBIIIAET JIIN-
Hy IpsIMOM Tpacchl, MOSIBIISIETCS TTOCIe 3 4yacoB, a B 5—7 4acoB 3Ta MoJla CTAaHOBUTCS Npeodiatatommeit. Ona
CBsI3aHa, KaK OBUIO TIOKA3aHO BBIIIE, C PACCESTHUEM HAa HOHOC(EPHBIX HEOTHOPOTHOCTSIX CEBEPHOTO MOJISIP-
HOTO oBajia. B criekTpax 3Toi MOJie COOTBETCTBYET IIMPOKONONIOCHAs (paccesiHHast) COCTABMIAONIAs, KOTO-
past HabIroAaeTCs B yCPEAHEHHBIX CIIEKTPOTrpaMMax ¢ OKTSOps 110 arpedb (tadi. 2). [Ipeobnaganue nHTeH-
CHBHOCTH PAcCesSHHOTO CUT'HAJA HaJl IPSIMBIM OOBSICHAETCS, BEPOSITHEE BCETO, TEM, UTO MpsIMasi paIioIIH-
HUA B 9TO BpeMs CTAHOBHUTCS OCBELIEHHOMN, YTO IPUBOIUT K POCTY IIOIVIOLICHHUs PaAUOBOJIH B HOHOCheEpe.
B T0 XK€ Bpems, TpaeKTOpHs paclpoCTpaHEHUs CUTHala Yepe3 CEeBEpPHBIH MOJISIPHBINA OBall pacloioKeHa
3amnajiHee MIpSIMON paIHOJIMHAN U HAXOJIUTCS B HOUHBIX yCIIOBHUSIX, IOTOMY 3aTyXaHHE BJI0JIb HEE OCTAeTCsl
CPaBHUTEIHHO HeOOIhITIM. OTMETHM, UTO 3a Bce BpeMs HaOmoneHwi (Mait 2010 — mapt 2011) HEU pasy He
6511 3aperucTpupoBad curaan PBM 4996 kI 1, mpummemmuii mo 0o0paTHOI Tpacce. ITO MO3BOJSET IPEAIIo-
JIOXKUTB, YTO MPHUBEJICHHAs B padoTe 3ann30BcKoro u 1ip. (2007) nHTepmpeTaliys pa3IBOCHNE CIIeKTpa CHT-
Hama 4996 k[ Ha Tpacce PBM-RAO, nabmronapmasicst 17.11.2002, pacmpocTpaHeHHEM BIOIb MPSIMOH 1
o0parHo# Iyr 60JIBIIOro Kpyra, Oblia OMMUO0YHOM. 3aMETHM, YTO B TOM SKCIICPUMEHTE BpEMEHHAsI CelleK-
U] IPOCTPAHCTBEHHBIX KOMIIOHEHT CHUTHAja He Hcmonb3oBanack. Ckopee BCero, BTOPOMl MakCHMyM B
cnekrpax curaana PBM 4996 kI’ 17.11.2002 nmosBisiics BCISICTBIE pacCessHUs CUTHANIA Ha HEOTHOPO/I-
HOCTSIX CEBEPHOTO MOJIIPHOTO OBaJIa.

HaubGonee cioxnas kaptuHa HabogaeTcs B ciekTporpammax curtana PBM na yactore 9996 kIt
(tabi. 2). C Mas 10 aBTyCT CUTHAN PAacIpOCTPaHSIETCs TOIBKO B BEUEPHHE YACHI BJIONb JIMHUN TEPMUHA-
TOpa, IPOXOIIEro OJHOBPEMEHHO uepe3 Mepearollylo U MpHeMHyto mo3uiui. CHavanta B CHEKTpo-
rpamMmax nosiBisieTcs BeTBb oOparHoro curaia (tadu. 2). B 18—20 gacoB onHOBpeMeHHO HaOIIOAI0TCS
OBICTPO HapACTAIONINI PSIMOM CHTHAJ, TOSBISIOIIHICS ¢ oTpunatebabiM JICY, u yOpIBaromuii odopar-
HBII curHan ¢ pactymum JICH. B 20—24 yaca peructpupyercst TOIbKO YOBIBAIOIIHUIA 10 MOIIIHOCTH CHT-
HaJ ¢ mpsMoil paguoinaun. B ceHTsiOpe—mapre curnan PBM 9996 k' HaGmomaeTcst mpakTHYSCKH B
TedeHue BceX cyTok. Tak B 0—4 dWaca cuTHaJ BCerja pacnpocTpaHseTcs npsMol paguonuaueit. B 4—7
4acoB CYIIECTBEHHAsI YacTh SHEPrUU MPUXOAUT IyTEM PACCESHUS OT CEBEPHOIO IMOJIIPHOrO oBajia (B
CIIEKTPOTpaMMaxX CEHTIOpsS—ampelis — 3TO MOJOKUTEIbHBIN «careuT», ero JICH coctaBnser 2—5 I'm).
[IpumepHO B 9TO K€ BpeMsl HauMHAET PETUCTPUPOBATHCS CUTHAI, MPUIIEAININA 00OpaTHON Tpaccoit ¢ oT-
punarensubvu 3Ha4eHusIME JICY. 3agactyio B okTsiOpe—deBpale Bce Tpu CUTHaJIA TPUXOIST B IPHEM-
HBII TyHKT OJTHOBpeMEHHO (cM. Tadi. 2, puc. 3). Jlanee ¢ 7 no 18 wacos curnanm 9996 k' pacnpoctpa-
HSIETCS TOJIBKO 00paTHOM paguoIuHUeH, IpuyeM B CeHTIOpe—OKTIOpe U MapTe MOITHOCTh IMEHHO 3TOTO
CHTHaJla MaKcUMaJlbHa B TeUeHHE BceX cyTok. Ilocie 19 wacoB curHai BHOBb MPHUXOJIUT B IPUEMHBIH
MYHKT T10 TIPSIMOMY Ty TH.

B curnane PBM na yactote 14996 kI'11 ¢ MOMOIIBIO UMITYJIbCHOM CEJIEKITUU ObLTN BbIJIEICHbI CIIeK-
TpaJbHBIE COCTABIISIIOMINE, PACIIPOCTPAHSIONINECS TOIBKO MPSIMO M 00paTHOW TpaccamH, NpH 3ToM 0o-
KOBBIE ITyTH PAaCIpOCTpaHEeHUs OOHAPYKEHBI He ObUTH. YCIOBHS PAacIPOCTPAaHEHUs CUTHANA 3TOH YacTOTHI
B Mae—aBTyCTe B IIEJIOM TTOXOKH Ha Te, 4To HaOmomatoTes Ha yactote 9996 kl'm: mo 17—18 wacoB mHOTHA
BBIJIeNsieTCs calblid CUrHa ¢ o0paTtHOl Tpaccsl, ¢ 17 10 21 perncTpupyercst JOCTaTOYHO MOITHBINA CHUT-
HaJl, IPANICANIHHN TPsIMbIM TryTeM. CHrHaI ¢ 00paTHOW PaJMOIMHUH YCTOHYMBO HAOIIONALTCs B CEHTSOpE
B 12—-16, u ganee, B OKTOpe 3TOT CUTHAI perucTpupyercs ¢ 5 mo 16, B HostOpe — ¢ 5 g0 12 , B nexabpe —
npumepHo ¢ 6 10 10. Haunnas ¢ saBapsi, CUTyalys pa3BUBaeTCs MPOTUBOIOIOXKHO, H B MapTe curaaia PBM
yacToTbl 14996 xI'11, mpumiemmii o6parHoii Tpaccoit, mpuHUMaeTcsi ¢ 6 10 16 yacoB. OTMETUM TakKe, YTO
CHUTHAJI, TIPUILIEIINH TT0 MPSIMON Tpacce, MyCTh ¥ Ha HU3KOM YPOBHE, PETHCTPUPYETCS B HOSOpe—sIHBape B
TEUEHUE THEBHOTO BpeMeHH. TakuM 00pa3oM, CUTHAJI CTAaHIIMU Ha BBICIIEH YacTOTE SIBJISICTCS CIMHCTBEH-
HBIM M3 BCEX PAaCCMOTPEHHBIX, KOTOPBIM MHOIZA JOCTUraeT IPUEMHOIO IIyHKTA MO MOJHOCTBIO OCBEIIEH-
HOH Tpacce.
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Amnammsupys nosenenue curaano craniu CHU Ha o6enx wactorax (3330 k[ u 7850 k1), MoXx-
HO OTMETUTh, YTO OHU, KaK u curHan PBM uacrtoroii 4996 k11, yBepenno peructpupytorcst Ha YAC TOJIbKO
B HOYHOE U cyMepedHoe BpeMsi. B mae—urore cnekrp curnasioB CHU y3kuit, 4To BEpOsSTHO OOBSICHSIETCS €T0
«3epKATGHBIM» OTPAXKCHUEM OT MOHOC(EPHl M MHOTOCKAYKOBBIM MEXaHU3MOM PACIPOCTPAHCHUEM BIOJH
TIPSIMOM TpacChl. B aBrycTe M MOCIEAYIOMUX MeCsIax B CIEKTpax Bce 00jIee OTICTIINBO MPOSIBIISCTCS IIIH-
pOKOIIONIOCHAsT KOMIIOHEHTa, KOoTopas B HosiOpe—deBpanie craHOBUTCS mpeobnamarormeii. Ha wactore
7850 k"1 3TOT 3dPeKT 3ameTeH Jydine, HO OH MpucyTcTByeT U Ha yacTote 3330 kI 1. [ToBenenue mmpoxo-
TTOJIOCHON KOMITOHEHTHI COOTBETCTBYET A(P(EKTy paccesHHs BOTHBI Ha MOHOCHEPHBIX HEOTHOPOTHOCTSX.
«Temo» mmpoxomonocHo# yacTr cnekrpa B curHae CHU Ha wactote 7850 k't u30 mHS B IeHb apeiidyer
oT orpunarenbHbix 3Hauenuit JICY (mopsiaka -3...-4 ') B BeuepHee BpeMsi 0 TaKHX JKe M0 BEJIMYMHE T10J10-
JKUTENBHBIX 3HAYCHUH B yTpeHHHE Yachl. CleAyeT Takke OTMETHTh, YTO B Mae, MIOJIe W aBryCTe JIydIle
[IPOCMATPUBAETCSI Yy TPEHHSISI, OJIOKHUTEIIHHO CMEIIeHHast KOMIIOHEHTa, TOT/Ia KaK B HosiOpe—(eBpaiie Beuep-
HSIsl 9aCTh PACCESTHHOW BETBH BBIACITSCTCS HE XyXKe YTPeHHEH. BechMa BEposSTHO, UTO, KaK M B CHTHAJAX
PBM na gactorax 4996 n 9996 kI 11, IMHUpOKOMIOIOCHAS BETBb B crieKTporpammax curaainoB CHU cBsi3aHa ¢
paccesHIEM CUTHAIIOB Ha HOHOC(EPHBIX HEOMHOPOMHOCTIX CEBEPHOTO MOIIPHOTO OBaja. B mioHe pacces-
HUS IPAKTUIECKU HET, TOCKOJIBKY CEBEPHBIA 0BaJ BCE BPeMsI PACIIOIOKCH B THEBHBIX YCIIOBHSAX U IIO3TOMY
BEIpakeH ciabo. Haumnas ¢ aBrycra, OH Hau@HAeT TOMANaTh B HOYHBIC YCJIOBHS, TJ€ WHTCHCHBHOCTH
BEICHITTAHUH, a CTIeIOBAaTEIFHO, H HOHOC(EPHBIX HEOTHOPOTHOCTEH, BO3pACTACT, YTO IPUBOAUT K YCHIICHHIO
paccesHHS, KOTOpPOE TIOCTEIIEHHO CTAHOBHUTCS OCHOBHBIM MEXaHHU3MOM pACIPOCTPAHCHHS CHUTHAJIOB Ha
tpacce CHU-YAC. MoXHO NpeanoiaokuTh, 4To otMeueHHoe nosegenue JICY paccesiHHOM yacTu curnana
craarun CHU BeposiTHee BCEro CBS3aHO ¢ KOHBEKIUECH IITa3MbI BHY TPH 00JIACTH OBaJjla, B TOM €T0 YacTH, TJIe
BBITIOJTHSIFOTCSI PaKypCHBIE YCIOBUS paccessHus curHana B Hanpasienun YAC (bespomnserit m ap., 2011;
lamymmxo u mp., 2012).

I[To Bceit BEAUMOCTH, MOJOOHBIC U3MEPEHHUS CIIEKTPATBHBIX 0COOCHHOCTEH MOBEICHHS CUTHAJIOB,
paccessHHBIX B TIOJSIPHBIX 00IACTSX, TO3BOJISIOT OICHUBATH CKOPOCTH Jpeiida Im1a3MeHHBIX HEOTHOPOTHO-
CTell U, BO3MOXKHO, BOCCTAHABJIMBATH BAPUAIINH JIIEKTPHUECKHX IT0JIeH Ha HOHOC(EPHBIX BHICOTAX BO Bpe-
Ms aBPOPATHHBIX aKTHBAITIH.

6. 3aknroueHmne

B macrosmieit pabote mpeanioxkeHa METOINKA YaCTOTHO-BPEMEHHOM CENEKITUH MPOCTPAaHCTBEHHBIX
KOMITOHEeHT BU-CHTHAIOB, paclpoCTpaHSIOMINXCS HA CBEPXAATbHAX PATHONUHISIX. OTIMIATETHFHON 0COo-
OCHHOCTBIO MPOBEJCHHBIX YKCIIEPHUMEHTAIBHBIX UCCIICIOBAHUHN SBISIETCS TO, YTO B KAYECTBE «IIPOOHBIX»
CUTHAJIOB WCTIOTH30BAHO YK€ CyIIecTByIoIee n3mydenne BU-pagrocTannuii ciry>kObI TOYHOTO BpEMEHH,
PacIIONIOKEHHBIX B CEBEPHOM MOJYIIIAPHH, a CHCTEMAaTHIECKAN MpreM ObIT OpraHn30BaH B AHTapKTHAC Ha
VAC «Axanemuk Bepramckuity.

B crarpe mpoaHam3npoBaH ro1oBoi MacCHB M3MepeHui TapaMeTpoB BY curHanoB Ha paanoTpacce
PBM-VAC Ha Tpex yactorax u CHU-YAC Ha nByx uactoTtax. [locTpoeHbl 1 MHTEPIIPETUPOBAHbI YCPETHEH-
HBIE MECSYHBIE CHEKTPOTPAMMBI CHTHAJIOB, FICCIIECOBAHBI CE30HHBIC W CYTOUHBIC BAPHAIH TPYHIIOBBIX
My TeH pacpoCTpaHeHUS Pa3TMIHBIX CIIEKTPATEHBIX COCTABIISIOIIIX IPUHATHIX BOTHOBBIX Toeit. [ [poBenena
CEINIeKIHS MPOCTPAHCTBEHHBIX MOJ CHTHAJIOB, COOTBETCTBYIONIMX PA3IMYHBIM YYACTKAM CIIEKTPOTPAMM.
BrineneHpl curHAIBL, PacIIpOCTPaHSIONIAECs BIOIb IPsMOit U oOpaTHOU Tpacc. OOHAPYKEHBI YCTOWUMBEIC
«aHOMAJTPHBIE) CUTHAJIBI, TPACKTOPHH KOTOPBIX CHIIBHO OTKIIOHSIOTCS OT IyT 6ombimoro kpyra. [Ipemxnoxena
KadecTBeHHast (hu3Mueckas MOJellb BO3SHHKHOBEHHMSI TAaKMX KaHAJIOB pacrpocTpaHeHus. DopMmupoBaHue
«aHOMAJTPHBIX» CUTHAJIOB BO3HUKACT B OOJIACTSX MOJISIPHBIX OBAJIOB 34 CUET PACCESHHS PaIHOBOJTH HA HHTCH-
CHBHBIX aBPOPAJIBbHBIX HEOTHOPOMHOCTX. VccrnenmoBanre JAOIIEPOBCKIX CIIEKTPOB PACCESIHHBIX CHUTHAIIOB
TTO3BOJISTIIOT OIICHUBATH THHAMHKY BBHICOKOITUPOTHOH IIa3MBI M OTCIICKUBATH aBPOpATbHEIC aKTHBAIIHH.

B HacTosiee Bpemst u3MepeHns mapaMmeTpoB curHaioB paguoctannuii PBM n CHU nHa crannmn
«Axagemuk BepHanckuiny mpoaoDKaloTCes B HEIPEPHIBHOM MOHHTOPHHTOBOM PEKIME.

BbaarogaprocTi. ABTOpPEI BEIpa)KaloT MPU3HATEIHFHOCTH COTPYAHUKAM OTIeTa Pagno(U3UKH TeOKO-
cmoca C. b. Kameesy, B. I. ['axymko u A. C. KarmieeBy 3a IOMOIIIb B ITPOBE/ICHAN HUCCICOBAHAN, a TAKKe
MOJIe3HBIE COBETHI M 3aMEUaHUs B IpoIiecce OOCYKIACHUS pe3ynbTaTtoB. MBI Takke OnarogapHbl aIMIHU-
ctpanun HAHIL MOH VYxpaunb! 3a moanepxKy 3Tux uccienoBannii Ha YAC «AxanemMuk BepHamckuiiy.
Pabora BEITIOSIHEHA B COOTBETCTBUH C 1 OCYIapcTBEHHOM IEJIeBON HAyYHO-TEXHUUYECKON MPOrpaMMOi Mpo-
BeZieHUs nccrenoBanuil B AnTapkruke Ha 2011—2020 romap! mo Hay9HOMY HarpapieHUIO « eokocMmdecKue
rccrenoBanusy. O0paboTka i HHTEPIIPETAIHS YKCIIEPUMEHTATBHBIX TAHHBIX POBEICHBI TP (PHHAHCOBOM
noaepxke BenomctBenHo HUP «SItaran-2» (Homep rocpeructparmu 0011U000063) n korkypcabix HHAP
«JIupyc» (Homeprocpeructparmmn 0115U004086) u « I Imutidepreny (Homep rocpeructparwm 0115U004079).
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